Two experiments were conducted to evaluate responses of primiparous and multiparous Holstein cows to diets containing wet corn gluten feed (WCGF). In both experiments, WCGF replaced a mix of alfalfa hay, corn silage, and corn grain. In experiment 1, 32 primiparous Holstein cows (four pens with eight cows/pen) were used in two 2 × 2 Latin squares with 28-d periods. Cows were housed in free stalls and fed diets containing 0 or 20% WCGF dry matter (DM) basis. Cows fed WCGF consumed more DM and produced more energy-corrected milk (ECM) than controls. Production efficiency (ECM/DM intake) was not affected, but yield of milk components was improved by WCGF. In experiment 2, 24 multiparous Holstein cows were used in six 4 × 4 Latin squares with 28-d periods to determine the optimal dietary inclusion rate for WCGF. Cows were housed in a tie-stall barn and fed a total mixed ration twice daily. Treatments were 0, 20, 27.5, and 35% WCGF (DM basis). Cows fed WCGF produced more ECM than controls, but ECM did not differ among cows fed WCGF diets. Cows fed 20 and 27.5% WCGF consumed more DM as a percentage of body weight than those fed either 0 or 35% WCGF. Cows fed WCGF produced ECM more efficiently than controls. Percent milk fat was lower, but fat yield was not different when WCGF was added to diets. Milk protein and lactose yields were higher when WCGF was fed. Plasma glucose, α-amino N, and triglyceride concentrations were similar among diets in both experiments, but plasma urea N was higher for cows fed WCGF in experiment 2.
INTRODUCTION
Wet corn gluten feed (WCGF) is a potential feedstuff for dairy cows located near a source. Data from studies conducted with feedlot steers suggest that WCGF improves average daily gain and DMI, reduces acidosis, and yields feed efficiency values comparable to those for corn (Krehbiel et al., 1995) . However, Canadian workers (Droppo et al., 1985) reported decreases in DMI and milk yield when WCGF was fed to lactating dairy cows at 18.6 and 37.1% of diet DM. The WCGF replaced a portion of the corn grain and soybean meal in the diets. Staples et al. (1984) fed diets containing WCGF at 0, 20, 30, and 40% of DM and reported linear declines in DMI and milk yield as the amounts increased. Corn silage constituted 50% of the DM across diets, and WCGF replaced corn grain and soybean meal. Armentano and Dentine (1988) substituted 2.6, 5.3, or 7.9 kg of WCGF (DM basis) for 2.4, 4.7, and 7.2 kg of concentrate DM in diets for lactating cows and reported no difference in milk yield or composition among cows fed these diets. Boddugari et al. (1999) observed reductions in DMI and milk protein percent, but no differences in milk yield and efficiency of FCM production when WCGF replaced 50, 75, or 100% of the grain mix in diets containing 54.3% forage. Wet corn gluten feed is relatively low in starch (18 to 22% of DM) and high in NDF (42% of DM), with a protein fraction that is very degradable (65%) in the rumen (Firkins et al., 1984) . Diets formulated to complement these characteristics instead of substituting WCGF for forage or grain alone, should optimize its (WCGF) use in lactation diets.
The objectives of our studies were to evaluate the effects of WCGF on the performance of lactating dairy cows when it replaced a portion of both forage and corn grain in the diet and to determine the optimal amount Contained 600 mg of Se per kg of premix. 0.245 × % TDN − 0.12.
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of WCGF to include in diets for multiparous, lactating dairy cows.
MATERIALS AND METHODS

Experiment 1
Four pens each containing eight primiparous Holstein cows (147 ± 55 DIM) averaging 34 kg/d of milk were blocked by pretreatment milk yield and assigned to one of two 2 × 2 Latin squares with 28-d periods. Cows were housed and fed in a free-stall facility at the Kansas State University Dairy, Manhattan. Cows were pen-fed diets formulated to meet or exceed NRC (1989) nutrient requirements. Diets (Table 1) were formulated to be isonitrogenous and isocaloric with alfalfa hay and corn silage as forage sources. Experimental treatments were 0 and 20% WCGF (DM basis). Wet corn gluten feed replaced a mix of alfalfa hay, corn silage, and corn grain. Diets were fed ad libitum as a TMR and issued twice daily. Pen feed intake and individual milk production were measured daily. All cows were injected with rbST (Posilac, Monsanto Co., St. Louis, MO) at 14-d intervals throughout the study.
Cows were milked twice daily, and milk samples (a.m., p.m. composite) were collected weekly and analyzed for fat, lactose, protein, SNF, SCC, and milk urea nitrogen (MUN) by the DHI Laboratory, Manhattan, Kansas (Bentley Instruments, 1984 , 1994 , 1998 . Cows were weighed on consecutive days immediately after the a.m. milking and scored for body condition at the beginning of the study and at the end of each period. Body condition scores were based on a 5-point scale (Wildman et al., 1982) ranging from 1 = very thin to 5 = excessively fat. Blood was sampled from the coccygeal vein during the last week of each period, and the harvested plasma was frozen at −20°C until analysis.
Experiment 2
Twenty-four multiparous Holstein cows were used in six 4 × 4 Latin squares with 28-d periods to evaluate the effects of increasing amounts of WCGF in diets for lactating dairy cows. Cows utilized in the study averaged 36 kg of energy-corrected milk (ECM) (0.327 × milk yield + 12.95 × fat yield + 7.2 × protein yield) production when the study was initiated. All cows were injected with rbST (Posilac) at 14-d intervals throughout the 16-wk study. Cows were housed and fed in a tie-stall facility at the Kansas State University Dairy and were individually fed diets formulated to meet or exceed NRC (1989) nutrient requirements. Treatments were control (no WCGF) and diets with 20, 27.5, and 35% WCGF (DM basis) replacing a mix of alfalfa hay, corn silage, and corn grain, respectively (Table 2) . Corn silage and alfalfa portions were similar between 20 and 27.5% diets. The difference between these diets resulted from the increase (7.5 percentage units) of WCGF predominantly at the expense of ground corn. Diets were formulated to be isocaloric and isonitrogenous with similar amounts of RUP (Table 2) . Alfalfa hay and corn silage were used as forages and corn as the primary grain. Expeller soybean meal (Soybest, Grain States Soya, Delevan, KS), 48% CP solvent soybean meal, and blood meal were used to balance diets for RUP.
Cows were blocked to squares by DIM and milk production and assigned to one of the four dietary treatments. All possible diet sequences were represented equally in the experimental design. Diets were fed ad libitum as a TMR and issued twice daily to ensure 10% orts. Daily milk production and feed intake were recorded, and milk samples (a.m., p.m. composite) were collected weekly and analyzed for protein, fat, lactose, SNF, MUN, and SCC by the DHI Laboratory, Manhattan, Kansas. Cows were weighed and scored for body condition at the beginning of the study and at the end of each 28-d period. Body weights were obtained immediately after the a.m. milking on consecutive days, and the average was used for analysis. Blood samples were collected from the coccygeal vein during the final week of each period, and the harvested plasma was frozen at −20°C until analysis. A urine and fecal sample was collected during the final week of each period and immediately analyzed for pH (Orion, 1994) . In both experiments 1 and 2, cow care and handling were approved by the Kansas State University Institutional Animal Care and Use Committee.
Laboratory Analysis
A Technicon auto analyzer II (Technicon Industrial Systems, Tarrytown, NY) was used to measure plasma glucose, plasma urea nitrogen (PUN), and total α-amino N. Plasma glucose was determined by a peroxidase indicator reaction with glucose oxidase (Technicon industrial method number SE-4-0036FJ4), PUN was measured by a diacetyl-monozime assay (Technicon industrial method number 339-01), and total α-amino N was determined by a trinitrobenzenesulfonic acid assay (Technicon industrial method number 512-77T). Triacylglycerides (experiment 2) were determined using a colorimetric assay (Infinity Triglycerides Reagent pro- cedure number 343; Sigma Diagnostics, St. Louis, MO). During the fourth week of period four (experiment 2), milk samples were collected for analysis of N fraction using the Rowland (1938) method. Wet feedstuffs (WCGF and corn silage) were sampled and analyzed weekly for DM, and the amount fed was adjusted accordingly. Samples of hay, corn silage, and WCGF were obtained weekly and composited by period for analysis. Samples of grain mix were obtained from each batch and composited by period, and whole cottonseed was sampled by load for analysis. Wet chemistry analyses were conducted by the New York DHI Laboratory, Ithaca, NY.
Statistical Analysis
Analysis of variance was conducted using SAS (1990) . The MIXED procedure (Littell et al., 1996) was used to analyze data collected daily (milk production and DMI) and on a weekly basis (milk composition) as a split-plot design with the main plot as a Latin square and week of each period as the subplot. Pen was the experimental unit in experiment 1, and cow was the experimental unit in experiment 2. Sums of squares were partitioned to cow (or pen), period, treatment, week, and the week × treatment interaction. Animal (or pen) × period × treatment interaction was included as a random variable to serve as the main plot error term. Data collected once per period (BW, BCS, and plasma metabolites) were analyzed using the GLM procedure. Sums of squares were partitioned to cow (or pen), treatment, and period. For all statistical analyses, treatment means were separated using the PDIFF option for all comparisons among means when the F-test indicated significant treatment effects (P < 0.05).
RESULTS
Experiment 1
The chemical composition of WCGF varies with source because of the amount and type of steep liquor added to the bran. The steep liquor for WCGF used in experiments 1 and 2 was a mixture from starch extraction and ethanol production facilities (Minnesota Corn Processors, Inc., Columbus, NE). The WCGF in experiment 1 contained 42% DM, 17% CP, 12% ADF, 42% NDF, and 0.35% S on a DM basis, and a calculated NE L (0.0245 × (TDN) − 0.12) of 1.76 Mcal/ kg. The TDN was calculated at 1× maintenance using the equation of Weiss (1995) . Diets were formulated to be isonitrogenous (17.6% CP, DM basis) and contain similar amounts of RUP, NE L , ADF, NDF, and nonfiber carbohydrates (Table 1 ). The differences between formulated and analyzed CP in the diets resulted from higher than expected CP in alfalfa hay and WCGF. Expellers soybean meal replaced solvent soybean meal in the WCGF diet to balance RUP. Both diets delivered excess microbial and RUP (NRC, 2001), thus differences in protein supply were unlikely to have contributed to production responses.
Cow performance data are shown in Table 3 . Wet corn gluten feed increased (P < 0.05) daily DMI and DMI as a percentage of BW. Yields of milk and ECM increased (P < 0.05) in response to the increase in DMI, but production efficiency (ECM/DMI) did not differ between diets. The initial and final BW were similar between treatments, and body condition was unaffected by treatment (Table 3) . However, determination of differences in BW and BCS are difficult in short-term studies.
Percentages of fat, protein, and SNF in milk were similar between treatments, but percent lactose (P < 0.05) increased when cows consumed WCGF. Yields of all milk components were improved (P < 0.05) when WCGF was included in the diet (Table 3) . Milk urea N was higher (P < 0.05) from cows fed the control diet than from cows fed WCGF, but PUN was not different (P = 0.55) between treatments (Table 4) . The PUN values represent four samples per cow, whereas MUN values represent 16 samples per cow. The difference between treatments was essentially equal for PUN and MUN, but the standard error was much lower for MUN, thereby allowing a statistical difference to be determined. Plasma glucose and total α-amino N were similar between diets (Table 4) .
Experiment 2
The WCGF used in this experiment contained (DM basis) 40.6% DM, 16.4% CP, 13.3% ADF, 42.1% NDF, 0.36% S, and a calculated NE L of 1.76 Mcal/kg. Diets were formulated to be isonitrogenous (17.6% CP), but CP ranged from 16.7 to 17.9%. Solvent soybean meal was replaced by expellers soybean as the amounts of WCGF increased in the diets, and blood meal was also included in the 27.5 and 35% WCGF diets. These changes in protein source were done to balance RUP across diets and can be criticized because of the resultant changes in amino acid composition. However, all the diets delivered excess microbial and RUP (NRC 2001), thus it is unlikely that the difference in protein supply among diets contributed to observed differences in production response.
Performance responses to dietary WCGF are summarized in Table 5 . Cows fed WCGF produced more (P < 0.01) milk and ECM than cows fed the control diet. Milk fat percent was lower (P < 0.05) in milk from cows fed 20 and 35% WCGF compared with those fed the control diet. Cows fed WCGF produced more (P < 0.01) protein, SNF, and lactose than cows fed the control diet, primarily because of the increase in total milk yield. Milk fat yield was similar among diets. Cows fed the 27.5 and 35% levels of WCGF had higher MUN (P < 0.01) than cows fed the control diet or 20% WCGF. Somatic cell count, BW, and BCS were unaffected by dietary inclusion of WCGF (Tables 5). Milk samples (a.m., p.m. composites) were collected from all cows (six cows per treatment) during the last week of the last period for analysis of milk N fractions (Table 6 ). The CP content of milk from cows fed the 35% WCGF diet was 3.45% compared with 3.25% for control cows, but this difference was not significant and did not reflect the relative consistency of milk protein concentration across treatments during the entire experiment. Total, noncasein, nonprotein, protein, and casein N concentrations were not different among treatments.
Plasma glucose, total α-amino N, and triglycerides were similar among diets, but PUN was higher (P < 0.05) when cows consumed WCGF (Table 7) . Fecal pH (Table 8) tended to be higher (P = 0.06) for cows fed Means not bearing common superscripts differ (P < 0.05). the 27.5 and 35% WCGF than those fed the control diet, which suggests less lower tract fermentation for those diets. Cows fed WCGF experienced a decrease in urine pH (P < 0.05) possibly due to the increase in dietary S.
DISCUSSION
Wet corn gluten feed has been included in diets for lactating dairy cows as a substitute for corn grain and soybean meal (Staples et al., 1984; Armentano and Dentine, 1988) ; a portion of the forage (Allen and Grant, 2000) ; or all of the grain mix and a portion of the forage (Boddugari et al., 1999) . Our intent in experiment 1 was to evaluate the response of primiparous cows to WCGF when it replaced a mix of alfalfa hay, corn silage, and corn grain to provide diets similar in chemical composition. Those cows responded by increasing DMI and milk yield. The milk response was attributed to the additional DM consumed, because production efficiency did not differ between diets. Boddugari et al. (1999) reported increases in DMI and milk yield when WCGF was substituted for a portion of dietary forage but not when it replaced the grain mix. Staples et al. (1984) also observed a linear decrease in DMI and milk yield, but an increase in milk fat percent and no difference in FCM yield, when WCGF replaced increasing portions of the grain mix. However, WCGF did not affect DMI and milk yield when it was substituted for increasing portions of the grain mix in a study by Armentano and Dentine (1988) . In experiment 1, the NDF contents of the control (30.4%) and WCGF (31.6%) diets were similar, Means not bearing common superscripts differ (P < 0.05).
Journal of Dairy Science Vol. 84, No. 11, 2001 whereas the NDF concentrations in the diets of Staples et al. (1984) were 30.9 for the control and 39.2, 42.4, and 45.2% of diet DM when 20, 30, and 40% WCGF were added, respectively. Even though the NDF in WCGF is highly degradable (Firkins et al., 1984; Green et al., 1987) , total diet DM digestibility was depressed linearly as the amount of WCGF increased in diets fed by Staples et al. (1984) , whereas ruminal acetate increased and propionate decreased. The increase in dietary NDF could explain the depression in DMI because NDF exceeded 42% at the higher levels of WCGF inclusion. Diets used in our study were relatively similar in both NDF and NFC. The observed increase in DMI may be partially due to a reduction in rumen fill when WCGF replaced a portion of alfalfa in the diets. However, DMI by cows fed 35% WCGF was similar to control, which suggests that chemical factors may have influenced DMI at the highest WCGF inclusion level. Milk protein, fat, and SNF percents were unaffected by diet when WCGF was fed to primiparous cows (experiment 1), which agrees with results from Armentano and Dentine (1988) but not of Staples et al. (1984) . In the latter study, yields of milk protein, fat, and SNF increased for cows fed WCGF as a result of increased milk yield. Lactose percent and yield increased in response to dietary WCGF, which differs from other reports (Boddugari et al., 1999) .
In experiment 2, multiparous cows were used to determine the optimum amount of WCGF to include in diets for high producing Holstein cows. Wet corn gluten feed replaced a mix of alfalfa hay, corn silage, and corn grain in the 20, 27.5, and 35% rations. Corn Means not bearing common superscripts differ (P < 0.05).
silage and alfalfa portions were similar between diets 20 and 27.5% WCGF diets. The difference between the 20 and 27.5% diets resulted from the increase (7.5 percentage units) of WCGF primarily at the expense of ground corn. Cows fed diets containing 20 and 27.5% WCGF (% of DM) consumed more (P < 0.05) DM as a percentage of BW than cows fed the control or 35% WCGF diet. The resulting increase in milk yield can be explained partially by the increase in DMI, but production efficiency (ECM/DMI) also improved in cows fed WCGF. For experiment 2, increased efficiency for the 20 and 27.5% WCGF diets compared with control might reflect increased DMI. The comparison of the 35% diet to control (equal DM) clearly suggests that digestibility was probably the reason for increased efficiency (intakes of control and 35% WCGF diets were similar). When WCGF replaced a mix of alfalfa, corn silage, and corn grain (0 to 20%) efficiencies improved; however, when WCGF was substituted for corn alone (20 to 27.5%), efficiencies were unchanged. Milk fat percent was not affected by diet in primiparous cows (experiment 1) but was depressed by WCGF in multiparous cows (experiment 2). The depression was less with the 27.5% (WCGF substituted for corn) diet compared with the 20 and 35% WCGF diets. Staples et al. (1984) reported an increase in milk fat percent and Armentano and Dentine (1988) observed no diet effect when they substituted WCGF for a portion of the grain mix. The milk fat depression observed in our study may reflect a decrease in effective NDF (Boddugari et al., 1999) but more likely was caused by dilution (fat yield remained constant and milk yield increased). Plasma urea N was higher in cows fed WCGF, and MUN was higher for cows fed the 27.5 and 35% WCGF diets. Diets were similar in RDP content, but the higher protein intake by cows fed WCGF could account for the differences observed in PUN and MUN among diets.
CONCLUSION
Wet corn gluten feed substituted for a mix of alfalfa hay, corn silage, and corn grain in diets of primiparous and multiparous Holstein cows significantly increased ECM yield. The increase in milk yield resulted from an increase in DMI by primiparous cows and from increases in both DMI and production per unit of DMI by multiparous cows. Yields of ECM were similar among cows fed the WCGF diets, suggesting that economics should dictate the optimum inclusion level.
